Borderline personality disorder (BPD) is a severe psychiatric disorder associated with dysregulation in multiple domains of functioning. Physical health, and specifically pain, is one such domain that has gone understudied. Although evidence suggests that BPD is associated with chronic pain, few studies have examined nonchronic pain in the disorder. The current study used ambulatory assessment to examine momentary physical pain in everyday life in BPD outpatients (N ϭ 26) and community comparisons (COM; N ϭ 26) not in treatment for chronic pain (N observations ϭ 5,458). We predicted and observed that BPD outpatients would report greater pain intensity and greater pain variability than COM comparisons. We also examined the relationship of pain and emotion dysregulation, a core feature of BPD, by testing the association between pain and negative affect concurrently and lagged over time. We predicted that momentary pain and negative affect would be associated in both groups, but that pain would predict negative affect more strongly in the BPD group. As predicted, concurrent pain and negative affect were associated in both groups, and groups differed significantly in terms of the association of lagged pain and next-assessment negative affect, with a negative association in the COM group. The current study represents a preliminary first step, finding that pain is relevant to the everyday experience of BPD individuals. This pain propensity may contribute to the elevated prevalence of BPD in chronic pain samples. Further, BPD individuals demonstrated emotional reactivity to pain, suggesting that pain may be a contributor to emotion dysregulation in this disorder.
Borderline personality disorder (BPD) is associated with dysregulation in multiple domains of functioning, including affective, behavioral, interpersonal, cognitive, and self (Linehan, 1993) . This dysregulation gives rise to the constellation of BPD symptoms and leads to significant problems and distress. Although understudied, increasing evidence suggests that BPD involves dysregulation in an additional domain of functioning: physical health (El-Gabalawy, Katz, & Sareen, 2010; First, Spitzer, Gibbon, & Williams, 1995; Frankenburg & Zanarini, 2006; Gratz et al., 2016; Keuroghlian, Frankenburg, & Zanarini, 2013; Powers & Oltmanns, 2012) .
Pain may be an especially relevant aspect of physical health that is dysregulated in BPD individuals. BPD and BPD features are prevalent in chronic pain samples (Campbell, Darke, Bruno, & Degenhardt, 2015; Reynolds, Carpenter, & Tragesser, 2017; Rothrock et al., 2007; Sansone & Sansone, 2012; Tragesser, Bruns, & Disorbio, 2010) . Indeed, the prevalence of BPD among chronic pain samples has received attention from the medical field (Kalira, Treisman, & Clark, 2013; Sansone & Sansone, 2007; Saper & Lake, 2002) . BPD features are also positively associated with pain in nonclinical and nationally representative samples (Carpenter & Trull, 2015; McWilliams & Higgins, 2013; Mun, Karoly, Ruehlman, & Kim, 2016) . Less research has examined the prevalence of pain in BPD samples, but it has been found that nonremitted BPD individuals experience more pain disorders than those who have remitted (Frankenburg & Zanarini, 2004) and report more pain than individuals with other personality disorders (Biskin, Frankenburg, Fitzmaurice, & Zanarini, 2014) . Additionally, Hegarty (1993) found the majority of 112 patients with BPD suffered from severe headache or migraines.
Although these previous studies are informative, there exist several gaps in the literature. Most importantly, previous work has largely focused on chronic pain, to the exclusion of the broader pain construct. Most pain is not chronic in nature, but instead is relatively short-lived and context specific: the aches and pains of everyday life. Moreover, despite the association of BPD and chronic pain, not all BPD individuals have chronic pain. Thus, we are missing information about the experience of everyday pain in BPD individuals. Carpenter and Trull (2015) found that BPD features were associated with greater (nonchronic) past-year pain ratings in a nonclinical sample of undergraduates. This suggests that BPD may be associated with a propensity to experience pain in everyday life.
Two other limitations are present in the majority of the existing literature, including Carpenter and Trull (2015) . First, most previous work has examined BPD features rather than clinical diagnosis. It is unclear whether these findings apply to individuals meeting diagnostic criteria for the disorder. Second, previous research has consisted of cross-sectional studies using retrospective selfreport. As a result, we lack information about the momentary experience of pain in BPD, how pain fluctuates over time, and how it relates to other key domains of functioning, such as affect. This last point may be particularly important, as the day-to-day impact of pain in BPD individuals on their functioning is a topic that has gone largely unaddressed. We therefore sought to test whether BPD diagnosis is associated with a propensity to experience pain in everyday life using ambulatory assessment (AA; Shiffman, Stone, & Hufford, 2008; Trull & Ebner-Priemer, 2013 ). Finding such a propensity would provide ecologically valid support for the presence of pain dysregulation in BPD.
Specifically, the present study used AA to examine pain intensity reports in a nonchronic pain sample of BPD outpatients and community comparisons (COM). AA offers several advantages for assessing pain. First, AA captures phenomena in the moment, reducing memory biases (Shiffman et al., 2008; Trull & EbnerPriemer, 2013) . This is important given the subjective nature of pain (Fillingim, 2005; Stone, Broderick, Shiffman, & Schwartz, 2004; Stone, Schwartz, Broderick, & Shiffman, 2005) . Second, AA enables the simultaneous assessment of pain and co-occurring phenomena (e.g., mood). Third, AA is intensively longitudinal, allowing for the temporal ordering of events and making it possible to examine change over time.
The present study had two aims. First, we examined the momentary experience of pain intensity in BPD. Following previous cross-sectional work, we hypothesized that BPD outpatients would report more pain than COM comparisons. We also hypothesized that BPD outpatients would display more pain variability, paralleling dysregulation in other domains of functioning in BPD (e.g., affective instability). Combined, these findings would indicate pain-related dysfunction in BPD. These findings would have clinical significance, as experiencing greater and more variable everyday pain at the momentary level may be relevant to the prevalence of BPD individuals in chronic pain samples. For example, greater and more variable everyday pain may serve as a marker of a general pain dysregulation that also includes greater prevalence of chronic pain. Alternatively, greater everyday pain may directly increase the risk for chronic pain (e.g., everyday pain may develop into chronic pain over time).
Second, we sought to determine the relationship in BPD of pain and emotion dysregulation, a core feature of BPD (Carpenter & Trull, 2013) . Specifically, we examined the relationship of pain and negative affect (NA). This was done to assess the impact of pain in BPD in a domain of functioning important to BPD. Additionally, pain and NA are closely related (Gatchel, Peng, Peters, Fuchs, & Turk, 2007; Keefe, Lumley, Anderson, Lynch, & Carson, 2001) , mutually reinforcing (Berna et al., 2010; Bruehl, Liu, Burns, Chont, & Jamison, 2012; Graham-Engeland, Zawadzki, Slavish, & Smyth, 2016; Tang et al., 2008; Zautra, Smith, Affleck, & Tennen, 2001) , and processed by overlapping neural substrates (Meerwijk, Ford, & Weiss, 2013) . BPD, in turn, is characterized by affective reactivity to negative events (American Psychiatric Association, 2013; Carpenter & Trull, 2013; Gunderson, Zanarini, & Kisiel, 1996) . Pain may be one such event or experience. Thus, if BPD involves pain dysregulation, we should find evidence that pain more strongly predicts NA in the BPD group.
We therefore predicted that pain would predict NA and vice versa in both groups concurrently (i.e., the same moment) and lagged over time (i.e., the next moment), but that pain would predict NA more strongly in the BPD group. We did not predict the reverse relationship to be stronger in the BPD group because, given the centrality of affective reactivity to BPD, we hypothesized pain to have its strongest effect in BPD patients as a trigger event for NA. That is, we expected pain to consistently predict NA, but NA to have many possible outcomes (Baumeister, DeWall, Vohs, & Alquist, 2010) diluting the effect for NA predicting pain.
Method Participants
Participants in the current study (N ϭ 51) were a subset of a larger sample (N ϭ 116) collected to examine affective instability and alcohol use in BPD (for more information on the larger sample, see Lane, Carpenter, Sher, & Trull, 2016) . Momentary physical pain was included in the study protocol midway through recruitment and, therefore, was available only for 26 BPD and 27 COM participants. One COM participant was removed from analyses, as his or her mean NA was Ͼ2 SD above the group mean, leaving 26 COM participants. One BPD participant had an as needed prescription for hydrocodone, but did not report taking this during the study. Out of an abundance of caution, we removed this participant, leaving 25 BPD participants, and, thus, a sample N of 51. BPD participants were recruited from local psychiatric clinics via flyers and the general community via flyers and online advertisements. COM participants were recruited via separate advertisements to the general community.
Participants were required to meet the following criteria: (a) age between 18 and 45, (b) self-reported average alcohol consumption of one or more drinking occasions per week, (c) no current psychosis, intellectual disability, or severe neurological dysfunction, (d) no history of significant head trauma, (e) no past-year unsuccessful attempts to cut down or stop drinking, or physiologThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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ical withdrawal symptoms (indicators of severe alcohol use problems), (f) no current treatment or interest in treatment for alcohol or substance use disorders, and (g) if female, not pregnant or planning to become pregnant. Individuals in the BPD group had to be currently in mental health treatment, meet criteria for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) BPD, and endorse the specific affective instability criterion for BPD (American Psychiatric Association, 2000) . COM participants could not meet criteria for BPD or endorse the affective instability criterion. Requirements regarding the affective instability criterion were due to the primary focus of the data collection on examining affective instability in BPD.
The majority of the current (N ϭ 51) sample was female (88.2%), White (82.4%), single/never married (70.0%), were employed (80.4%), and had an annual income Ͻ$50,000 (72.6%). Mean age for the BPD group was 25.44 (SD ϭ 6.91) and for the COM group was 28.12 (SD ϭ 8.25). Most of the BPD group (64.0%; N ϭ 16) were taking antidepressant medication (selective serotonin reuptake inhibitor or atypical) and none of the COM group were. No participants reported receiving current treatment for chronic pain. No included participants reported taking opioid medication, and no participants met for current opioid abuse or dependence. BPD participants were more likely to qualify for other current DSM-IV diagnoses (American Psychiatric Association, 2000). See Table 1 for more detail on demographics and comorbidity. DSM-IV diagnoses were determined via the Structured Clinical Interview for DSM-IV Axis I Disorders (First et al., 1995) and Structured Interview for DSM-IV Personality (Pfohl, Blum, & Zimmerman, 1994) . Interrater reliability, determined through a second trained interviewer, who rated video recordings of the original interviews for 20 participants (from the full sample), was excellent for the diagnosis of BPD ( ϭ 1.00) and for presence of affective instability ( ϭ .89).
Procedure
All procedures were approved by the University of Missouri Institutional Review Board. Participants provided informed consent. Participants first attended an orientation, where they completed a battery of self-report questionnaires and learned how to use the electronic diary (ED; Palm Tungsten E2 handheld computer, Sunnyvale, California). Participants carried an ED for ϳ22 days (M ϭ 22.0, SD ϭ 0.8, range ϭ 18 -24).
1 All participants in the present analyses provided at least 18 days of data. Participants were paid $50 for each week of the study for compliance at or above 80% (payment was reduced $10 for every 10% below 80%), $20 for the diagnostic interview, $10 for the orientation, and $10 for a self-report battery at the final visit of the study.
Electric Diary Protocol
The ED protocol consisted of seven different types of reports, which participants completed over the course of the study. Morning reports were made daily at wake-up and had to be completed by 12:00 p.m. Random prompts were randomly scheduled to occur, on average, 6 times throughout the day, beginning after the morning report or 12:00 p.m., whichever was first. Participants who were smokers made user-initiated cigarette reports when they engaged in cigarette use. User-initiated initial drink reports were made by participants at the completion of their first drink of alcohol of a day, and drinking follow-ups occurred following the report of a drink over the course of 3 hr or until participants ceased to report additional drinks. User-initiated initial self-harm reports were made by participants following a self-harm event. Self-harm Note. BPD ϭ borderline personality disorder; COM ϭ community; NOS ϭ not otherwise specified; PD ϭ personality disorder. Prevalences for the specific disorders that made up each category are presented in italics. These prevalences do not add up directly to the prevalences for each category, as participants could meet for multiple disorders within a category.
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follow-ups occurred at set intervals after reporting a self-harm event.
Compliance was high, with participants completing 89.71% of random prompts.
The current study used all prompts, except that we did not include prompts in which a self-harm event or urge was reported, or follow-up prompts generated by a self-harm event, as typical pain experience is disrupted during self-harm (Nock, 2010) .
2 See Lane et al. (2016) for more detail regarding the study protocol.
Measures
Between-person measures. Pain Standard Evaluation Questionnaire (Pain-SEQ; Müller et al., 2008 ) is a self-report questionnaire used to assess musculoskeletal pain in the general population. For the current study, questions referred to the past month. Two sum score indicators were used (Carpenter & Trull, 2015) . The first, Body Location-Based Past-Year Pain, consisted of seven items that asked about the intensity of pain in different areas of the body (e.g., head, left shoulder, and back). The second, ActivityBased Past-Year Pain, consisted of 12 items that asked about pain during different activities (e.g., throwing an object and lying still). All items were rated from 1 (no pain) to 7 (intolerable pain). Two participants did not answer one of the items, and mean imputation was used in these cases. Four participants did not complete the Pain-SEQ due to experimenter error, and, therefore, the total N for this measure was 47. Pain Catastrophizing Scale (PCS; Sullivan, Bishop, & Pivik, 1995) is a 13-item measure of cognitive and affective responses to pain (␣ ϭ .94). Items follow the prompt, "When I'm in pain . . . ," and are rated on a 5-point scale from 0 (not at all) to 4 (all the time). Two participants did not complete the PCS due to experimenter error, and, therefore, the total N for this measure was 49.
Momentary measures. Physical pain. At each momentary assessment, participants rated the extent to which they felt "physical pain" on a 5-point Likert-type scale, ranging from 1 (very slightly or not at all) to 5 (extremely). This item was written to be analogous to the NA items described below. Across all moments, participants reported very slight or no pain on 77.8% of prompts, some pain on 14.3% of prompts, moderate pain on 4.8% of prompts, quite a bit of pain on 2.1% of prompts, and extreme pain on 1.0% of prompts. For the analyses examining pain and NA, occasion-level reports were averaged within-day to create day-level pain estimates, which, in turn, were averaged to create an overall person-level estimate of pain across the AA period.
To examine variability of pain, we calculated adjusted squared successive differences (ASSDs; Hepp, Carpenter, Lane, & Trull, 2016; Trull et al., 2008) by subtracting the lagged pain report (of one prompt earlier) from the pain report at each prompt and squaring this value. The adjustment refers to a weighting process to take into account the fact that reports were unevenly spaced in time (see Jahng et al., 2008 , for more detail on the calculation of ASSDs). ASSDs were not calculated across days, such that the last report of a given day did not serve as the lagged report for the first report of the next day. 4 We additionally were interested in examining whether the BPD group was more likely to not only report more variability in pain, but also more likely to make particularly large changes from one report to the next. To test this, we examined two indicators. First, we derived adjusted acute change (AAC) scores, defined as a successive change that exceeded the value for the 90th percentile of the total distribution of change for all participants in the study. This allowed us to examine the probability of acute change . Second, as a more stringent and clinically interpretable indicator, we examined the probability of "large change," which we defined as a positive increase of 2 or more scale points on pain (e.g., going from a 1 to a 3).
5 Although necessarily arbitrary, we felt that such an increase reflected the balance of selecting a large change in pain that occurred with sufficient frequency to test for group differences.
Negative affect. At each momentary assessment, NA was assessed using 21 items from the Positive and Negative Affect Schedule-Extended Version (Watson & Clark, 1999) . For each item, participants were asked to rate the extent to which they felt the particular affective state on a 5-point Likert-type scale, ranging from 1 (very slightly or not at all) to 5 (extremely). Items were averaged to create an estimate of overall NA for each occasion. Occasion-level reports were then averaged within-day to create day-level NA estimates, which, in turn, were averaged to create an overall person-level estimate of NA across the AA period.
Analytic Strategy
Participant data consisted of momentary occasions, nested within days, which, in turn, were nested within persons. To accommodate this, we fit regression models with generalized estimating equations for all analyses of momentary NA/pain reports (GEE; Liang & Zeger, 1986 ; for discussions comparing GEE and multilevel approaches, see Burton, Gurrin, & Sly, 1998; Carlin, Wolfe, Brown, & Gelman, 2001; Hubbard et al., 2010) . GEE models are able to indirectly account for the uneven and random spacing of assessments across time, and for the likely nonindependence of observations within persons and days.
For the residual matrix, we assumed an independent covariance structure with sequential observations clustered within individual person-days and used robust standard errors (McNeish, 2014 ; see the online supplemental materials for more detail regarding selection of the independent covariance structure). This adjusted for the fact that different individuals may be more prone to experiencing pain or NA than others, and that some days may be more painful or more characterized by NA than others. For models examining the intensity of pain and the relationship of pain and NA, normal models with an identity link function were fit. For the ASSD indicator, GEE models with a log function and a gamma distribu-2 Self-harm events and urges were rare in this sample, and these prompts were few in number (N ϭ 205), consisting of only 2.9% of the data.
3 Reliabilities were not calculated for the two Pain-SEQ scales, as the items of these scales were originally conceptualized as causal indicators (Bollen & Lennox, 1991) .
4 Following Jahng et al. (2008) , we used a gamma error distribution to analyze ASSDs. To adjust for the fact that this error distribution requires values to be greater than zero, we added one to all ASSD values.
5 As noted, this indicator was somewhat more stringent than AAC (reflected in the smaller number of observations in which a 2-point change occurred, N ϭ 151, compared with the number of AAC scores above the 90th percentile, N ϭ 459) and also has the advantage of being more readily interpretable. The disadvantage, compared with AAC, is that it does not adjust for the amount of time between occasions, which was uneven, whereas AAC does. This document is copyrighted by the American Psychological Association or one of its allied publishers.
tion were fit. For the large change analyses, GEE logistic models with a logit function and a binomial distribution were fit. In all models, unless otherwise specified, we included covariates that could reasonably have an effect on pain and the relationship of pain and NA. To adjust for possible time-based effects, we included day of study, day of week, and hour after wakeup variables. Gender and age (sample centered) were included in models, as both are associated with pain. We also included the presence of a current mood disorder in the analyses, given the relationship of depression and other mood disorders to both pain and NA. We included an indicator for whether participants were currently taking antidepressant medication, as many of these medications can have analgesic effects. Finally, we included a binary variable indicating whether or not a prompt was alcohol related (i.e., initial drink reports, drinking follow-ups, and any other prompt in which drinking was reported) to take into consideration the possibility that alcohol use may affect variables of interest. To additionally account for this possibility, we also conducted all analyses excluding these prompts. We present these results in the online supplemental materials. Additionally, model equations and results from power analyses for the models examining the association between pain and NA are presented in the online supplemental materials.
Results

Between-Person Indicators
We first examined group differences on between-person measures of past-month pain and pain catastrophizing. The BPD group had significantly higher scores on the PCS than the COM group (M BPD ϭ 21.96, SD BPD ϭ 13.38; M COM ϭ 15.12, SD COM ϭ 9.97), t(47) ϭ 2.03, p ϭ .048, d ϭ 0.58. Groups did not differ significantly on the Pain-SEQ, but effects were in the expected direction. Specifically, the BPD group had nonsignificantly higher scores on body location-based past-month pain (M BPD ϭ 17.00, SD BPD ϭ 8.12; M COM ϭ 13.91, SD COM ϭ 5.32), t(35) ϭ 1.52, p ϭ .137, d ϭ 0.45, and activity-based past-month pain (M BPD ϭ 28.77, SD BPD ϭ 15.59; M COM ϭ 21.59, SD COM ϭ 10.57), t(45) ϭ 1.87, p ϭ .068, d ϭ 0.54. We additionally examined group differences for personlevel AA pain reports by averaging across all AA reports. The BPD group (M BPD ϭ 1.55, SD BPD ϭ 0.70) reported significantly more physical pain across the AA period than the COM group (M COM ϭ 1.18, SD COM ϭ 0.31), t(33) ϭ 2.44, p ϭ .020, d ϭ 0.68.
To provide context for the pain ratings made by participants over the AA period, we examined item means from the Pain-SEQ by group (Table 2) . Although these ratings were made retrospectively, they provide a sense of where in the body and during what activities participants experienced pain during the AA period (as participants completed the Pain-SEQ at the end of the study). With one exception (right buttock, hip, knee, or foot), BPD participants consistently reported greater pain than COM participants. This difference was significant for head/face pain, and when "turning over at night in bed," "standing upright," and "walking on uneven ground."
Momentary Physical Pain
We first tested whether BPD and COM groups differed in momentary pain intensity. We estimated a GEE model, with group, along with covariates, predicting physical pain. As predicted, the BPD group reported significantly greater pain intensity at any given occasion (M BPD ϭ 1.49, SE BPD ϭ 0.04; M COM ϭ 1.13, SE COM ϭ 0.05, b Group ϭ 0.36, p Ͻ .001; Table S1 in the online supplemental materials).
We next examined group differences in the variability of pain over time. As predicted, the BPD group experienced significantly more variability of physical pain, as measured by ASSDs (M BPD ϭ 0.41, SE BPD ϭ 0.03; M COM ϭ 0.12, SE COM ϭ 0.05, b Group ϭ 0.29, p Ͻ .001; reported in log metric; Table S1 in the online supplemental materials). The BPD group also experienced significantly more large changes in pain. The probability of AAC was significantly higher in the BPD group compared with the COM group (Odds BPD ϭ 0.12; Odds COM ϭ 0.05, odds ratio [OR] BPD/COM ϭ 2.36 [1.69, 3.31], p Ͻ .001; Table S1 in the online supplemental materials). The probability of a large change was significantly greater in the BPD group (Odds BPD ϭ 0.02; Odds COM ϭ 0.01, OR BPD/COM ϭ 2.77 [1.66, 4.63], p Ͻ .001; Table S1 in the online supplemental materials).
Momentary Pain and NA
We next examined the relationship between physical pain and NA and whether this varied by group. We predicted that momentary pain would predict momentary NA and vice versa in both groups, and that pain would predict NA more strongly in the BPD group. We were specifically interested in both concurrent (i.e., the same measurement occasion) and lagged (i.e., the previous measurement occasion) effects of pain on NA and vice versa. We This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
therefore fit two GEE models. The first model included indicators for current and lagged momentary and daily pain, person pain, group, interactions with group and pain, and covariates, predicting NA. 6 We separately modeled momentary, day, and person effects for pain (effects were centered one level above; Curran & Bauer, 2011 ). The second model was identical, except that pain and NA were reversed. Results for both models are presented in Table 3 .
Pain predicting NA. There was a main effect for concurrent pain at the occasion-level (Est. ϭ 0.05, SE ϭ 0.02, p ϭ .025), such that greater pain predicted greater NA. There was also a main effect for lagged pain at the occasion-level (Est. ϭ Ϫ0.03, SE ϭ 0.01, p Ͻ .001), such that pain at the moment before was negatively associated with NA. However, this relationship was reversed in the BPD group, as indicated by a significant interaction between group and lagged pain (Est. ϭ 0.05, SE ϭ 0.02, p ϭ .011). An examination of the simple slopes for this interaction revealed a significant negative effect for lagged pain in the COM group (Est. ϭ Ϫ0.02, SE ϭ 0.01, p Ͻ .001), and a nonsignificant positive effect in the BPD group (Est. ϭ 0.02, SE ϭ 0.02, p ϭ .207). There were no significant day-level effects. There was a group effect, such that BPD outpatients reported more NA (Est. ϭ 0.40, SE ϭ 0.04, p Ͻ .001). Finally, there was a significant interaction of group and person-level pain (Est. ϭ 0.25, SE ϭ 0.04, p Ͻ .001), such that BPD outpatients who reported more pain across the study period reported more NA in the moment.
NA predicting pain. There was a main effect for concurrent NA at the occasion-level (Est. ϭ 0.44, SE ϭ 0.11, p Ͻ .001), such that greater NA predicted greater pain across group. There was an additional positive effect for concurrent day NA (Est. ϭ 0.41, SE ϭ 0.20, p ϭ .044). There was a group effect, such that the BPD group reported more pain than the COM group (Est. ϭ 0.18, SE ϭ 0.09, p ϭ .047). Finally, there was an interaction of group and person NA (Est. ϭ 1.02, SE ϭ 0.32, p ϭ .001), such that BPD outpatients who reported more NA over the course of the study reported more pain.
Supplemental Analyses
We conducted two sets of additional analyses. First, we reconducted analyses with all alcohol-related prompts (any prompt in which alcohol use was reported and all drinking follow-ups) removed. This was done to rule out the possibility of systematic differences during alcohol use that might be biasing the results. The only change in results was for the models examining the association of pain and NA (see the online supplemental materials and Table S2 in the online supplemental materials). For the model predicting NA, the interaction of group and concurrent pain was now significant, indicating that the association between concurrent pain and NA was stronger in the BPD group, but the main effect for concurrent pain was not. The main effect for person-level pain was also now significant. For the model predicting pain, the day effect for NA was no longer significant. Second, we reconducted analyses including additional covariates to adjust for presence of current comorbid psychopathology in addition to depression. Results largely did not change, with the exception of the model examining probability of AAC, in which the effect for group was no longer significant (Table S3 in the online supplemental materials). The only other change was that the day effect for NA in the model examining the association of NA and pain was no longer significant (Table S4 in the online supplemental materials).
Discussion
The present study extends past work in several ways. We investigated everyday, nonchronic pain, finding evidence for the idea that BPD patients have a propensity to experience pain in their daily lives. Pain appears to be an important issue for the BPD population, even those individuals without chronic pain. We used a clinically diagnosed sample, finding that the results in Carpenter and Trull (2015) for past-year everyday pain apply to a sample of BPD outpatients. Lastly, we used AA to shed light on the immediate, everyday experience of pain in BPD, its instability, and its relationship with NA. Although employing a relatively small number of participants, this study, to our knowledge, is the first to examine pain in BPD using AA. Given the preliminary nature of the study, results should be interpreted with caution. Nevertheless, this study represents an important first step in understanding the experience of everyday pain in BPD, and the results add to the evidence for the presence of pain dysregulation in BPD.
Physical Pain and BPD
As predicted, the BPD group reported greater momentary pain intensity, greater pain variability, and was more likely to report large changes in pain. The finding of greater pain intensity in the BPD group is consistent with previous work that found BPD and BPD features were associated with greater pain over the past 24 hr (Biskin et al., 2014) and the past year (Carpenter & Trull, 2015) , and suggests that pain is relevant to the daily experience of BPD individuals. Although this was not a chronic pain sample, the findings parallel those that have observed elevated rates of BPD in chronic pain samples (Campbell et al., 2015; McWilliams & Higgins, 2013; Reynolds et al., 2017; Sansone & Sansone, 2012; Tragesser et al., 2010) . Based on retrospective report, BPD individuals were particularly prone to experiencing pain located in the face and head, which is in concert with previous work that has found BPD is associated with experiencing headaches and migraines (Hegarty, 1993; Rothrock et al., 2007; Saper & Lake, 2002) . In contrast, the COM group reported relatively little pain. This greater everyday pain experience may be relevant to understanding the prevalence of BPD individuals in chronic pain samples. Although the present study could not investigate the relationship of everyday pain and chronic pain, this should be a focus of future work.
BPD outpatients also reported greater variability in pain and greater probability of large changes in pain. We found evidence for the latter using two, complementary measures of change: probability of AAC and what we termed large change (an increase of 2 points on the 5-point scale). Although this second indicator was 6 We did not include an indicator for the lagged momentary criterion. Doing so would account for autocorrelation in the criterion, but it would also remove any effect of the lagged predictor that occurred through the lagged criterion. For example, it is possible that pain at the previous moment may increase NA at the previous moment, which, in turn, may lead to increased NA at the next moment. Including lagged NA in the model would remove this effect. However, we note that including the lagged criterion as a predictor did not change the current results. This document is copyrighted by the American Psychological Association or one of its allied publishers.
admittedly arbitrary, our primary goal was to provide a sense of group differences in a more readily interpretable metric than that offered by probability of AAC. The consistency of group differences across these two indicators provides greater confidence in the results. Although previous work has not investigated pain variability in BPD, these findings are consistent with the conceptualization of BPD as a disorder characterized by instability in multiple domains (Linehan, 1993) . This variability may be clinically significant, as greater pain variability may lead to poorer treatment adherence, poorer recall when reporting pain to providers, and more difficulty avoiding activities that exacerbate pain. Supporting this, greater pain variability is associated with less accurate retrospective recall (Stone et al., 2005) , and with poorer outcomes among chronic pain patients receiving treatment for opioid addiction (Worley, Heinzerling, Shoptaw, & Ling, 2015) . Large changes in pain may be particularly relevant, as pain that rapidly increases may be highly alarming, especially in individuals with BPD who are emotionally reactive, potentially leading to greater pain catastrophizing and/or pain anxiety (Reynolds et al., 2017) . Future research should examine both the causes and potential consequences of pain variability in greater depth.
Somewhat surprising was the inconsistency of group differences for between-person indicators of past-month pain and pain catastrophizing (the Pain-SEQ and PCS). While the PCS was significant, Pain-SEQ indicators were not, although the effects were medium sized and in the expected direction. Previous work has found both measures to be positively associated with BPD features (Carpenter & Trull, 2015) . The inconsistency may be due to these analyses being between-person and less powered (N Pain-SEQ ϭ 47), relative to the within-person analyses examining the AA data (N Observations ϭ 5,458 for lagged analyses). However, it may also reflect differences between AA and between-person self-report methods. Previous work has found that participants' momentary and retrospective reports of pain can differ considerably (Stone et al., 2004 ).
Physical Pain and NA
As predicted, the effects of momentary pain on concurrent NA, and vice versa, were positively associated in both groups. This is in agreement with conceptualizations of pain and NA as closely related (Gatchel et al., 2007; Keefe et al., 2001) . The findings for lagged effects, in contrast, were less symmetric. As predicted, there was an interaction for the effect of lagged momentary pain predicting NA, such that lagged pain was positively, though nonsignificantly, associated with NA in the BPD group, whereas it was negatively and significantly associated in the COM group. The reverse effect, lagged momentary NA predicting pain, was not significant in either group.
We tested the association of pain and NA to establish the relationship in BPD of pain and emotion dysregulation, a core feature of BPD (Crowell, Beauchaine, & Linehan, 2009 ). This was done to examine the impact of pain on another domain of functioning important to BPD. We predicted that pain would predict NA more strongly in the BPD group both concurrently and lagged over time and found evidence for the latter. An examination of the simple slopes for group revealed a significant negative association of lagged pain and NA for COM participants, whereas the association for BPD participants was positive but nonsignificant. Al- Note. DV ϭ dependent variable; CI ϭ confidence interval; NA ϭ negative affect; BPD ϭ borderline personality disorder; COM ϭ community. N ϭ 51 individuals, 5,458 observations used. All effects except gender were centered within the next immediate level (i.e., day, person, and sample). Additional covariates in the model consisted of day of study, day of week, hour after wake-up, gender, age, currently taking antidepressant medication, and whether or not a prompt was alcohol related. The reference group for the group effect was the COM group. Therefore, group effects and interactions may be interpreted for the BPD group relative to the COM group.
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though causality could not be evaluated in the present study, this suggests that pain may be a trigger of NA in BPD and COM individuals, as both groups experienced increased NA when experiencing pain. However, although NA quickly decreased over time in the COM group, returning to baseline, there was no such tendency toward baseline in the BPD group. Slow return to emotional baseline is a key characteristic of emotion dysregulation in BPD (Carpenter & Trull, 2013; Linehan, 1993) . Thus, BPD individuals appear to show emotional reactivity to pain, similar to their reactivity to aversive events more generally. Future research should compare the relationship of NA and pain to the relationship of NA and other aversive events (e.g., negative interpersonal events). Given the close association of pain and emotion, BPD individuals may be especially sensitive to pain. Research should also examine the role of cognition in the relationship of pain and NA in BPD. Research has found that BPD is associated with greater tendencies to catastrophize both generally (Sansone & Sansone, 2007) and about pain specifically (Carpenter & Trull, 2015; Sansone, Watts, & Wiederman, 2013) . We did not predict, and did not find, the reverse effect, that NA would predict pain more strongly in the BPD group (though NA was associated with pain concurrently in both groups). We did not make this prediction because, given the centrality of emotion dysregulation, and emotional reactivity specifically, to BPD, we expected pain to be a trigger of NA and not necessarily a consequent. However, we examined both directions of the association to test for an initial indication of the relative directionality of the association of pain and NA in BPD (although, again, we stress that the present study was not able to assess causality). Statistically speaking, it is also important to note that concurrent and lagged indicators for pain, relative to those for NA, had greater betweenperson variance and reduced within-person variance. The result of this is that we had greater power to detect effects for pain predicting NA (Snijders & Bosker, 1994) .
There were additionally significant interactions for group and person-level pain on NA, and vice versa. Thus, BPD outpatients who tended to report more pain across the 3-week AA period also reported more NA and those who reported more NA also reported more pain. Although not specifically predicted, these findings support the idea that dysregulation in pain and emotion are closely associated in BPD individuals.
Strengths, Limitations, and Conclusion
The present study had multiple strengths for investigating everyday pain in BPD. First, the intensive longitudinal design made it possible to examine within-person effects over time. Second, our BPD group consisted of clinically diagnosed outpatients. Third, the use of AA increases the ecological validity of our findings. There were also several limitations. First, pain data were collected for only a subset of the larger sample. Although mitigated by the use of within-person analyses, the small sample size, the majority of which was female, limits the generalizability of the present findings. Second, the distribution of pain reports was positively skewed (skew ϭ 2.54), with relatively few reports of intense pain (i.e., 4, 5) but still substantial reports of mild to moderate pain (i.e., 2, 3). This is not surprising, as this was not a chronic pain sample, and the goal of the present study was to examine everyday, nonchronic pain, which would be expected to most often fall into the mild to moderate range. 7 Third, pain was not the primary focus of the collected sample. Thus, this study provides an initial step for future AA work on pain in BPD to build upon. In particular, the current study only examined the sensory component of pain. Future work should also examine cognitive and affective components of pain. Fourth, and related, to be eligible, participants had to report that they consumed alcohol on a weekly basis. Participants also completed additional prompts when they consumed alcohol. Although it is possible that this may have resulted in an unrepresentative sample of BPD participants, alcohol use is highly common in BPD, rendering this less likely (Tomko, Trull, Wood, & Sher, 2014) . Additionally, the sample did not include individuals with past-year severe alcohol use disorder symptoms (i.e., physiological withdrawal and unsuccessful efforts to cut back), who may potentially have biased results. It is also possible that the momentary results were biased by the inclusion of alcohol-related prompts. However, results did not change when prompts involving alcohol use were excluded (see the online supplemental materials), suggesting any such bias was minimal in the current data. Fifth, the unequal spacing in time of assessments potentially complicates the interpretation of lagged analyses . Therefore, despite the enhanced temporal resolution offered by these indicators, we stress that effects remain correlational and not causal.
Finally, the COM group provided an important comparison with a group that would not be expected to experience pain. However, the absence of a psychiatric comparison group somewhat limits the interpretability of the findings. Comorbidity with other psychiatric disorders is a feature of BPD (Tomko et al., 2014) , and this was observed in the current sample (Table 1 ). Thus, it is possible that results were not specific to BPD, but to psychopathology more generally. Although we cannot rule out this possibility, we note that results statistically adjusted for the presence of a current mood-related disorder, as well as whether participants were currently taking antidepressant medication. We also conducted supplemental analyses including additional forms of comorbidity as covariates, and results, with the exception of the model examining probability of AAC, largely did not change (see Tables S3 and S4 in the online supplemental materials). Future research should compare the experience of pain in BPD with that in other disorders, particularly depression (Bair, Robinson, Katon, & Kroenke, 2003) . Of interest would be whether emotion dysregulation may be associated with everyday pain regardless of diagnosis. Ultimately, given the relative paucity of research examining BPD and pain, we believe that the current study represents an important step forward. 7 To address the positive skew in pain reports, we alternatively conducted analyses using common transformation approaches (i.e. natural log), modeling pain using a Poisson distribution, and by dichotomizing pain into no pain (responses of 1 were coded as 0) and any pain (responses above 1 were coded as 1) and using a binomial distribution. In each case, the pattern of results and statistical significance remained unchanged. The only exception was for the model for NA predicting pain. When using a Poisson distribution and when dichotomizing pain, the interaction of group and current NA predicting pain became significant and negative, indicating that NA predicted pain more strongly in the COM group. The main effect for current NA remained significant. This document is copyrighted by the American Psychological Association or one of its allied publishers.
In conclusion, the present study addressed multiple gaps in the literature regarding BPD and pain experience. An initial and preliminary step to understanding the experience of pain in everyday life in BPD, the study adds to the small but growing literature suggesting that BPD involves dysfunction in the domain of physical health (El-Gabalawy et al., 2010; First et al., 1995; Frankenburg & Zanarini, 2006; Gratz et al., 2016; Keuroghlian et al., 2013; Powers & Oltmanns, 2012) . Though these preliminary findings should be interpreted with caution, they suggest that BPD individuals not in treatment for chronic pain experience pain-related dysregulation in their daily lives, and that physical pain may be an important contributor to emotion dysregulation in many BPD individuals. This dysregulation, characterized by greater and more variable pain, and greater NA in response to pain, may contribute to the prevalence of BPD individuals in chronic pain samples. Future work should seek to replicate these findings in a larger sample of BPD individuals. Additionally, longitudinal studies should examine whether elevated everyday pain and chronic pain are two distinct aspects of pain dysregulation, or whether there might be a causal link between the two. The relationship of pain and NA in BPD should also be examined in more detail, including the role of the overlapping neural substrates involved in processing these two overlapping psychological processes.
Finally, the findings have important implications for treatment of BPD, suggesting that there may be value in incorporating psychological interventions for pain, and physical health more generally, into treatment, even for individuals who do not have a diagnosed chronic pain disorder. Doing so might not only have benefits for physical well-being, but also related domains of function, such as affect. This is seen, to some extent, in dialectical behavior therapy, which promotes better physical self-care to reduce vulnerability to emotion dysregulation, though without a focus on physical pain (Linehan, 1993) .
